We report onthe combination of good tunability with superb short-term frequency, stability and controllability which exhibits the excellent spectral properties of a diode laser set up. The concept of this is based on merging of the diode laser with resonant optical feedback and the grating stabilized diode laser. The short-term performance to characterize it is batted two essentially identical diode lasers also to find short-term line width. Between these lasers phase locking is achieved with a servo small bandwidth although it is required for subradian residual phase error to use of an analog phase detector. The concept of the laser is suitable for atomic or molecular coherence experiments only due to the excellent performance.
Introduction
A diode laser system exhibits its all the advantages of grating stabilized diode lasers. The system is good overall and continuous tunability, the reliability and simplicity of operation. Because of the spectral availability and a good overall with continuous tunability, diode lasers are well suitable for a variety of laser spectroscopic application (1) . The diode lasers fabricated on an off-angle substrate with high doping has been an entrant for the red source for color laser displays (2) . If relative stability of hertz is required the diode lasers exhibits broadband frequency which can pose a severe obstacle for locking diode lasers to an optical reference. An investigation through experimental layout atomic coherence or coherence between individual rotational and vibrational molecular states is required for relative phase locking of different lasers (3, 4) . An optical flywheel with hertz linewidth for the realization of an optical clock is mandatory (5) . If a grating diode laser is employed it typically requires a frequency control servo bandwidth of a few megahertz (6) . For the excellent short-term stability and relatively small frequency noise bandwidth there is a common advantage to diode lasers with resonant optical feedback. Fig. 1 shows the experimental diode laser setup which is operating at 1420 nm. Basically it consists as: D-a grating diode laser in Littman configuration; COL-Collimator; GRT-transmission grating; HWP-half-wave plate; MC-(T-8.2%), MP, MF (both R= 99.7%)-mirrors defined the external cavity CAV, HCD-balanced polarization detector is part of the internal stabilization; OD-optical diode.
Experimental setup
The light emitted by the laser diode is diffracted by a transmission grating. With the efficiency of 95% the first diffraction is coupled into a folded cavity which provides an optical feedback to the laser diode. The optical experimental setup constitutes two coupled cavities which are defined by two mirrors MP and MC, and MF with the rear facette of the laser diode chip. To guarantee reliable single-mode operation, the coupled cavity configuration necessitates a relative frequency stabilization. By means of a polarization-sensitive stabilization scheme (7), the internal stabilization is realized and setup of mirror MP at actual position. The two essentially identical diode lasers are used all at constant temperature. The tuning is ranged continuously corresponding to up to 20GHz. There was a performance of a beat-note measurement between the two lasers to demonstrate the excellent short-term frequency stability. With a servo bandwidth of ~ 1kHz to eliminate low-frequency relative frequency jitter, frequency lock the lasers to each other. Fig. 2 shows experimental setup to investigate the short term frequency stability and phase-locking performance. It consists A-amplifier; INTintegrator; VCO-voltage controlled oscillator; Δf-frequency-phase detector is the output of a frequency to-voltage convertor;Δɸ-provide linear response to the phase difference between the rf signal at inputs REF and RF. All rf-and timingsensitive devices are phase locked to a common 10MHz reference signal. With a frequency-phase detector it was filtered the rf-beat-note signal with a fast tracking oscillator servo bandwidth 1.1MHz and process the tracking oscillator output signal (8) .
Between 50 and 65MHz, Δf output provides linear frequency to-voltage conversion which is used to generate an error signal for relative frequency stabilization of the two lasers. It is only feedback for the current measurement f output to the diode laser through the prelock path and drive the acousto-optic modulator with a fixed-frequency signal from a synthesizer with an rf-spectrum analyzer it was simultaneously analyze the beatnote signal directly. Fig. 3 shows the corresponding spectrum of the beat-note signal between two essentially identical diode lasers. We infer a shortterm linewidth of 10ms time scale from the 16.1 kHz of the spectrum of 11.4 kHz for an individual diode laser. The magnitude of the order of 1 to 2 smaller than the typical short-term linewidth of grating stabilized diode laser (9) and emphasizes the excellent short-term stability guaranteed by the new diode laser concept. Between the two diode lasers and it was next implemented a phase-lock loop and lock the difference frequency to an rf synthesizer operating at fRF≈ 56MHz. At input REF and RF with a 0…π detection range, the Δɸ output of the frequency-phase detector provides a linearized analog measurement of the phase difference between the rf signals (10) . To control the phase of a voltage-control oscillator that drives an acoustooptic modulator the phase error signal is filtered and then used. Then it provides fast control of the laser phase (11) . The control signal of voltagecontrolled oscillator is further integrated and then fed to a piezo-electric transducer, which setup the actual position of mirror MF of the laser. The low frequency control by this way of the phase-lock loop is provided by the laser so that the acoustooptic modulator is essentially driven at an average frequency that is determined by the frequency the free-running voltage-controlled oscillator.
Results and discussion
To provide a back-up lock to improve the reliability of the stabilization scheme the Δf output of the frequency-phase detector is still used. By inserting a unity-gain adder into the electronic part of the servo loop next it is determine the phaselock loop servo bandwidth (12) For the performance of a phase-lock loop a good measurement is the fractional rf power contained within a certain spectral bandwidth at the nominal beat-note carrier frequency. Essentially all power is located at the carrier frequency for sufficiently large spectral bandwidth > 1MHz. The rf power at the carrier frequency drops down unless true phase locking is achieved, which corresponds to a residual broadband rms phase error of significantly less than one rad as the spectral bandwidth is reduced. It is directly recorded beatnote spectra with the rf-spectrum analyzer for various settings of the spectrum analyzer resolution bandwidth between 3MHz and 1Hz to analyze the fractional rf power contained in the carrier signal (13) . It is used an additional rf synthesizer to realize subhertz resolution bandwidths to mix down the beat note from 56MHz to 30kHz and then use a fast Fourier Transform analyzer to record the beat-note spectrum.
Conclusion
It is demonstrated that the combination of two concepts, the diode laser with resonant optical feedback and the grating diode laser, merges superb short-term frequency stability with excellent tunability and reliability. Linewidth having the short-term of this diode laser system corresponding to 11kHz, and a phase-lock loop servo bandwidth of only 46kHz is sufficient establish a phase lock between two such diode lasers with subradian residual phase error. Due to excellent performance makes this diode laser concept the first choice for applications that require broadly tunable, ultrastable optical radiation (14) . The atomic and molecular coherence experiments are prominent examples which require phase locking between different lasers or between lasers and an optical frequency comb. As part of a flywheel of an optical clock in combination with an ultrastable optical resonator this diode laser could also be used.
